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Clinical utility of time-resolved imaging of
contrast kinetics (TRICKS) magnetic resonance
angiography for infrageniculate arterial
occlusive disease
Matthew Mell, MD,a Girma Tefera, MD,a Frank Thornton, MD,b David Siepman, MD,b
and William Turnipseed, MD,a Madison, Wis
Objective: The diagnostic accuracy of magnetic resonance angiography (MRA) in the infrapopliteal arterial segment is not
well defined. This study evaluated the clinical utility and diagnostic accuracy of time-resolved imaging of contrast kinetics
(TRICKS) MRA compared with digital subtraction contrast angiography (DSA) in planning for percutaneous interven-
tions of popliteal and infrapopliteal arterial occlusive disease.
Methods: Patients who underwent percutaneous lower extremity interventions for popliteal or tibial occlusive disease were
identified for this study. Preprocedural TRICKS MRA was performed with 1.5 Tesla (GE Healthcare, Waukesha, Wis)
magnetic resonance imaging scanners with a flexible peripheral vascular coil, using the TRICKS technique with
gadodiamide injection. DSA was performed using standard techniques in angiography suite with a 15-inch image
intensifier. DSA was considered the gold standard. The MRA and DSA were then evaluated in a blinded fashion by a
radiologist and a vascular surgeon. The popliteal artery and tibioperoneal trunk were evaluated separately, and the tibial
arteries were divided into proximal, mid, and distal segments. Each segment was interpreted as normal (0% to 49%
stenosis), stenotic (50% to 99% stenosis), or occluded (100%). Lesion morphology was classified according to the
TransAtlantic Inter-Society Consensus (TASC). We calculated concordance between the imaging studies and the
sensitivity and specificity of MRA. The clinical utility of MRA was also assessed in terms of identifying arterial access site
as well as predicting technical success of the percutaneous treatment.
Results: Comparisons were done on 150 arterial segments in 30 limbs of 27 patients. When evaluated by TASC
classification, TRICKSMRA correlated with DSA in 83% of the popliteal and in 88% of the infrapopliteal segments.MRA
correctly identified significant disease of the popliteal artery with a sensitivity of 94% and a specificity of 92%, and of the
tibial arteries with a sensitivity of 100% and specificity of 84%. When used to evaluate for stenosis vs occlusion, MRA
interpretation agreed with DSA 90% of the time. Disagreement occurred in 15 arterial segments, most commonly in distal
tibioperoneal arteries. MRA misdiagnosed occlusion for stenosis in 11 of 15 segments, and stenosis for occlusion in four
of 15 segments. Arterial access was accurately planned based on preprocedural MRA findings in 29 of 30 patients. MRA
predicted technical success 83% of the time. Five technical failures were due to inability to cross arterial occlusions, all
accurately identified by MRA.
Conclusion: TRICKS MRA is an accurate method of evaluating patients for popliteal and infrapopliteal arterial occlusive
disease and can be used for planning percutaneous interventions. ( J Vasc Surg 2007;45:543-8.)As treatment options for lower extremity peripheral
vascular disease have expanded, so has the need for obtain-
ing high quality diagnostic arterial images. Understanding
the location, severity, and complexity of occlusive disease is
of paramount importance for accurately planning the most
appropriate approach to revascularization. Digital subtrac-
tion angiography (DSA) has remained the gold standard,
but it is not without limitations. As an invasive procedure,
DSA may be associated with local or embolic arterial com-
plications, and contrast toxicity may restrict its use in pa-
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doi:10.1016/j.jvs.2006.11.045tients with chronic renal insufficiency. Magnetic resonance
angiography (MRA) with gadolinium-based contrast agents
has become a recognized alternativemeans of lower extremity
imaging, having advantages over DSA of relatively nontoxic
contrast and three-dimensional (3D) reconstruction.
MRA has been shown to be sufficient in proximal lower
extremity arterial evaluation, but technical limitations may
result in inadequate image quality when patients are evalu-
ated for possible infrageniculate revascularization.1,2 Lack
of synchronization between the contrast bolus and imaging
acquisition may result in poor arterial enhancement or
imaging in the venous segments; in addition, unequal
distribution of disease may cause different tibial segments
to fill at different times. These limitationsmay result in poor
image quality and a nondiagnostic exam. Two-dimensional
time-of flight has been used to augment the information
obtained from contrast MRA, but it is vulnerable to flow
artifact, saturation effects, and interference frommetal clips
or other hardware.
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MRA is a commercially available method of data acquisition
that eliminates the need for bolus-chase techniques. Data
sampling, performed using an extremity vascular coil with a
single contrast injection and a stationary table, is designed
so that the contrast-containing zone is sampled more fre-
quently than the tissue zones. This permits high spatial and
temporal resolution with elimination of venous-phase con-
tamination. Image acquisition requires approximately 2
minutes of total scanning time, including a 29-second mass
acquisition that continues immediately into a remaining
90-second postcontrast acquisition. This imaging time
makes up a small component of the overall 30-minute
pelvis and lower extremity MRA protocol.
After completion of the acquisition, the software auto-
matically postprocesses the study into 13 collapsed maxi-
mum intensity projection (MIP) images that can play as a
cine loop, allowing visualization of the contrast passage
from the popliteal fossa to the ankle. Additional rotational
MIP images, which take about 1 to 2 minutes more to
perform, allow visualization of the vessels at multiple an-
gles.
Because TRICKSMRA can produce a consistently high
image quality in both calf stations without the need for
bolus timing and even in the presence of asymmetric dis-
ease, it is a potentially valuable method of assessing the
infrageniculate arteries in patients requiring revasculariza-
tion. The purpose of this study was to evaluate the accuracy
and clinical utility of TRICKS MRA compared with DSA
when evaluating and planning percutaneous interventions
of popliteal and tibial arterial occlusive disease.
METHODS
Patient selection. After obtaining approval from the
University of Wisconsin Institutional Review Board, pa-
tients were identified from a registered database of poor-
risk surgical candidates who underwent percutaneous lower
extremity angioplasty for critical limb ischemia between
January 2003 and December 2004. Critical limb ischemia
was defined as gangrene, nonhealing ulcer, or rest pain. The
study included all patients with both TRICKS MRA and
complete lower extremity evaluation by DSA, regardless of
image quality. Patients were excluded if MRA was contra-
indicated or was performed without the TRICKS protocol
(mostly referrals from outside institutions), or if diagnostic
angiographic evaluation was not complete. This sample
represented 34% of 87 all lower extremity percutaneous
interventions performed during the study period.
Time-resolved imaging of contrast kinetics mag-
netic resonance angiography. TRICKS MRA studies
were performed on a 1.5 T CV scanner with fast gradients
(Signa LX; GE Medical Systems, Milwaukee, Wis). TRICKS
studies were performed using a dedicated peripheral vascu-
lar coil (IGC, Medical Advances, Milwaukee, Wis) and
coverage from the ankle (to include dorsalis pedis artery
and proximal plantar arteries) to the popliteal fossa.
The following protocol was used: TR/TE/Flip/BW;
4.2/1.1/30°/41.67, field of view; 440-mm 440-mm,matrix; 320  224  32 slices, 13  6.9-second time
frames. Spatial resolution of 1.2  1.2  1.0 is achieved
after 512  512 zero-filling reconstruction. Contrast me-
dium (20 mL gadodiamide at 1.5 mL/s) was administered
by power-injection (Omniscan, Amersham, Health Inc,
Princeton, NJ), followed by a normal saline flush of 20 mL
at 1.5 mL/s. Full coverage of the arteries from the ankle to
the popliteal fossa was achieved in one coronal volume
prescription from a sagittal localizer.
The temporal resolution achieved 13 time frames re-
constructed at 6.9-second intervals with a total scan time of
118 seconds. The mask was acquired for 89 seconds before
contrast injection. The temporal postcontrast acquisition
took 90 seconds (6.9  13-second time windows). Al-
though an inverse relationship exists between spatial and
temporal resolution, spatial resolution remains comparable
with conventional MRA sequences with the acquired tem-
poral resolution as described for TRICKS MRA.
Digital subtraction angiography. DSA studies were
performed by experienced vascular surgeons, but not by the
authors. Angiograms were executed21 days of the MRA
using a Philips Integris Allura (Best, The Netherlands) with
a 15-inch image intensifier. Access was obtained with a 5F
or 6F sheath in the common femoral artery with either an
ipsilateral or contralateral approach determined by clinical
and anatomic considerations, and a catheter was placed in
the ipsilateral superficial femoral artery. Iodixanol (Visi-
paque, AmershamHealth, Oslo, Norway), or gadodiamide
for patients with renal dysfunction, was manually injected
with a dedicated high-pressure 10-mL syringe for bolus
injection (Merit Medical Systems, South Jordan, Utah) in a
manner similar to that described by Meissner et al.3
Three overlapping stations were imaged from the com-
mon femoral artery to the proximal foot. The first station
included the upper half of the thigh, with the C-arm placed
in an ipsilateral oblique angle of 15° to 20° to visualize the
femoral bifurcation (average amount of contrast material, 4
to 6 mL diluted to 6 to 8 mL). The second station included
the knee with the C-arm at 0° to visualize the distal super-
ficial femoral artery, the popliteal artery, and the tibiopero-
neal trunk (average amount of contrast, 6 to 8 mL diluted
to 8 to 10 mL). The third station included the calf to foot,
with the C-arm rotated 20° to 30° in the ipsilateral oblique
plane to adequately image all runoff vessels without overlap
(average amount of contrast, 8 to 10 mL undiluted).
In cases of insufficient image quality, the catheter was
advanced to the proximal popliteal artery if the superficial
femoral artery was patent. Poor images owing to gadodia-
mide were reimaged with gadodiamide diluted 1:1 with
iodixanol, if not clinically contraindicated.
The decision to intervene was then determined by the
angiographic findings. Angiographic runs and subtracted
photos that uniformly opacified the arterial tree were cho-
sen for comparison.
Image analysis. MRA andDSA images were evaluated
separately, independently, and in a blinded fashion by a
radiologist and vascular surgeon. For the comparison pur-
poses, each vessel was divided into 11 segments. The pop-
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separately, and the anterior tibial, peroneal, and posterior
tibial arteries were each divided into upper, middle, and
lower thirds. Each segment was then categorized as normal
(0% to 49% stenosis), stenotic (50% to 99% stenosis), or
occluded (100%). Significant disease was defined as 50%
stenosis or occlusion. To determine if TRICKS MRA
would accurately quantify the extent of disease, lesion
morphology was assessed according to the TransAtlantic
Inter-Society Consensus (TASC) criteria,4 also using both
modalities.
Clinical utility. In addition to image accuracy, TRICKS
MRA was also examined for its value as a planning tool for
percutaneous intervention. A successful treatment plan was
defined as appropriately chosen arterial access and success-
ful angioplasty of a target lesion identified by TRICKS
MRAwith30% residual stenosis. MRA exams for patients
with unsuccessful treatment were compared with angiogra-
phy to determine if decision-making was altered because of
discordance between TRICKS and DSA interpretations.
RESULTS
During a 24-month period, TRICKSMRA andDSA of
30 limbs in 27 patients were identified for comparison,
from which 150 segments were compared and 115 arterial
lesions were identified (10 TASC A, 23 TASC B, 31 TASC
C, and 51 TASCD). The mean age was 65 years (range, 43
to 94 years), 56% of patients were men, and 85% had
diabetes. Patient demographics and associated conditions
are listed in Table I. The indications for intervention were
tissue gangrene in eight limbs, nonhealing ulcer in 17
limbs, and rest pain in five limbs. A total of 150 arteries and
323 arterial segments were compared.
Using DSA as the standard, MRA correctly identified
significant disease with a sensitivity of 99% and specificity of
85% (Fig 1, Table II). Normal angiographic findings were
predicted by TRICKS in 29 of 30 arteries, for a negative
predictive value of 97%. Evaluating by artery, popliteal
disease was identified with 94% sensitivity and 92% speci-
ficity, and tibial disease was identified with 100% sensitivity
and 84% specificity. Overall concordance between TRICKS
MRA and DSA was 96% (range, 93% to 100%). TASC
classification by TRICKS correlated with DSA in 87% of all
arteries (Table III). In discordant segments, TASC classifi-
cation was graded more severe by TRICKSMRA in 10% of
arteries and less severe in 3% of arteries. No lesions identi-
fied by DSA were graded as normal by MRA, and no TASC
Table I. Patient demographics




Coronary artery disease 56%
Renal failure 22%
Active tobacco abuse 22%
Contralateral leg amputation 15%A or B lesions by DSA were graded as TASC D by MRA.Occlusive disease was additionally categorized by grad-
ing the diseased segment as stenotic or occluded. TRICKS
MRA was as comparable at identifying occlusion (94%
sensitivity and 90% specificity) as stenosis (88% sensitivity
and 92% specificity). Concordance betweenMRA andDSA
was 90% for stenosis and 91% for occlusion (Table II). The
interpretation of 15 arteries was discordant: 11 arteries
were interpreted as stenosis byMRA and occlusion byDSA,
and four were interpreted as occlusion by MRA and steno-
sis by DSA (Fig 2). When evaluated by segment, cumulative
concordance in the distal-most tibioperoneal arteries was
Fig 1. Corresponding images for time-resolved imaging of con-
trast kinetics (left) and digital subtraction angiography (right) of
infrageniculate arterial disease.
Table II. Statistical analysis of time-resolved imaging of









All arteries 99 85 96
Popliteal segment 94 92 83
Tibial segments 100 84 97
Stenosis 88 92 90
Occlusion 94 90 91
DSA, Digital subtraction angiography.86% compared with 92% in the other segments. This dif-
subtraction angiography (right).
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exact test).
Planned access that was based on theMRA findings and
levels of disease was successful in 29 of 30 procedures.
Ipsilateral antegrade access was achieved in 24 of 25 limbs,
and 20 underwent successful angioplasty. The four unsuc-
cessful interventions were due to an inability to cross chron-
ically occluded (TASC D) tibial arteries. In this group of
patients, TRICKS correctly evaluated the lesions with re-
spect to both occlusion and TASC classification using DSA
as the reference. One attempted antegrade approach was
unsuccessful due to body habitus, and this patient had a
successful angioplasty from a contralateral approach. Four
patients with multilevel disease had successful angioplasty
from a planned contralateral approach.
DISCUSSION
Imaging of the arterial tree remains of utmost impor-
tance in assessing patients with peripheral arterial disease.
As treatment options expand, imaging has assumed a
greater role in the decision-making process of whether a
patient with critical leg ischemia is a candidate for endovas-
cular or open surgical revascularization. Although contrast-
enhanced MRA has been demonstrated to be an accurate
tool for evaluating for peripheral arterial stenosis,5,6 certain
inherent attributes in technique may limit its usefulness for
reliable imaging the distal lower extremity. TRICKS MRA
is a technique of image acquisition that can yield pure
arterial phase images with a single injection of contrast,
particularly in the lower leg, without consideration of in-
jection timing. This temporal resolution allows for imaging
of arteries that may fill at different times because of asym-
metric disease in the same or contralateral leg. The 96%
sensitivity and 97% specificity in identifying disease in our
study compares favorably with the 77% sensitivity and 91%
specificity reported by Swan et al.7
Most other gadolinium based MRA protocols rely on
bolus-chasing techniques in which the table is moved to
approximate the location of the contrast. These techniques
suffer from limitations of short scan times, imperfections
with synchronizing image acquisition with the arterial con-
trast phase, and inability to fill different arteries with con-
-Society Consensus classification
by MRA, n (%)
Estimation of disease by MRA, n (%)
Overestimation Underestimation
6) 5 (14) —
0) 1 (10)* 0 (0)
0) 6 (26)* 3 (14)†
0) 3 (10) 0 (0)
8) — 2 (2)
phy; MRA, magnetic resonance angiography.Fig 2. Discordant image interpretation. Popliteal artery was in-
terpreted as occluded by time-resolved imaging of contrast kinetics
magnetic resonance angiography (left) and stenotic by digitalTable III. Estimation of arterial disease by TransAtlantic Inter
Classification TASC level y DSA, n TASC concordance
Normal 34 29 (8
A 10 9 (9
B 23 14 (6
C 31 28 (9
D 51 50 (9
TASC, TransAtlantic Inter-Society Consensus; DSA, digital subtraction angiogra
*No lesions were overestimated as TASC D.
†All estimated as TASC A.trast at the same time.1,2 MRA with 3D reconstruction
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specificities of 94% to 100% in the pelvic arteries,8-10 but
diminished results in the lower leg. Our overall 90% con-
cordance in distinguishing stenosis from occlusion com-
pares favorably with that of Sommerville et al,11 who re-
ported 78% concordance in the infrapopliteal arteries, and
Cronberg et al,12 who reported 72% concordance.
Because of the ability of TRICKS to obtain reliably
sufficient images, appropriate treatments could be planned
without complete diagnostic angiograms. Appropriate ac-
cess was planned in 29 of 30 procedures; the single access
failure was due to body habitus and not inaccurate MRA
interpretation. Treatment failures were due to total occlu-
sions that were correctly interpreted by TRICKS MRA.
Underscoring the importance of the image quality, Janka
et al13 showed that angiography did not change therapy if
theMRAwas of sufficient quality, andMRAwasmost often
of poor quality because of inadequate imaging of the lower
leg. In our study, no changes in treatment or treatment
failures occurred because of inadequate TRICKS image
quality.
In cases of discordance, TRICKS both overestimated
and underestimated the severity of disease. Concordance
for the most severe (TASC D) lesions was 98%; conversely,
only 2% of arteries were incorrectly categorized as TASCD.
In the lower stations, there was a trend toward underesti-
mation of disease. This finding is consistent with other
reports,14 suggesting that MRA is superior to DSA for
evaluation of infrapopliteal vessels. Several explanations
have been proposed for this finding. MRA has superior
imaging of arterial blood flow, detecting rates as low as 2
cm/s.3
In addition, suboptimal filling of patent distal vessels
below long occlusions is a known shortcoming of DSA,7,11,15
and one study7 showed that side-by-side comparison of
TRICKS and DSA identified up to 27% of distal arteries
patent by MRA but not visualized by DSA. Discordance
ultimately did not affect treatment plan in any patient.
Alternate MRA imaging modalities have been at-
tempted to improve image quality of the lower leg. Intra-
arterial MRA16 was shown to have a sensitivity of 91% and
specificity of 71%; however, it requires arterial access and
thus cannot be done without potentially increased morbid-
ity. It also requires an appropriately setup interventional
suite. Patients in this study underwent intra-arterial MRA
after percutaneous intervention, and so no statement can
be made about the accuracy of this modality for evaluating
untreated disease.
Submillimeter dual-phase 3D contrast-enhanced MRA
was shown in a 2005 study of 19 patients to have a
concordance of 64% to 88% in the infrageniculate arteries,3
and other hybrid techniques17 have shown increased image
quality compared with bolus-chase technique. Projection-
reconstruction and high-resolution TRICKS MRA are
image-acquisition techniques that maintain temporal reso-
lution with improved spatial resolution and may have im-
proved image quality compared to conventional TRICKS
MRA.18,19This study has certain limitations. A small sample size of
patients with critical limb ischemia and a high percentage of
diabetic patients with diffuse tibial disease may not reflect
results of a more generalized population of patients with
peripheral arterial disease. It was also underpowered to
detect differences in concordance within the different seg-
ments of the tibial arteries. Although the inability of MRA
to visualize the calcium in vessels may have improved the
luminal images, it is possible that having the ability to
visualize the calcium would have predicted the angioplasty
failures.
Images from an ipsilateral antegrade approach for DSA
with a distally placed catheter may not be reflective of
standard diagnostic DSA images. We did not evaluate pedal
vessels, which may have added useful information. Boot
coils are available; however, they do not allow simultaneous
imaging of both feet. Imaging would require separate
injections for both feet, which would significantly increase
the duration of the entire MRA study. Development of
dedicated pedal vascular coils with 3D imagers may advance
the ability to image small arteries in the feet.
CONCLUSION
We have examined the image quality and clinical use-
fulness of TRICKS MRA compared with DSA in the pop-
liteal and tibial arteries. TRICKS provided excellent image
quality with high sensitivity and specificity. TRICKS images
provided sufficient detailed information to accurately for-
mulate a treatment approach and intervention.
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PhD for his help with statistical analysis of the data.
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DrMark Eginton (Duluth, Minn). How do you do with it if
somebody has a prosthetic knee?
Dr Matthew Mell. Actually that is one of the real advantages
of this study as opposed to for example 2-D time of flight where the
metal hardware interferes with the images. This actually subtracts it
out so the images are not affected by metal hardware, either
previous clips or prosthetic joints.
Dr Michael Dalsing (Indianapolis, Ind). I have two ques-
tions. First, I think your institution has been kind of on the cutting
edge ofMRA angiography for several years. Domost of us have the
actual MRA machine we need to do this process?
Dr Mell. Yes. It is commercially available. It has been for a
number of years. GE, which is the company that we have, calls it
TRICKS. One of the other companies calls it TREAT—go fig-
ure—but it is commercially available, and the scanner is a regular
scanner.
Dr Dalsing. The other question is you basically show popli-
teal and run-off. You must have a lot of other vasculature seen
above that. Is that imaged at the same time or is that lost?
Dr Mell. Everything is imaged at the same time, but the
TRICKS is only used from the knee down, so our protocol when
they come in is first they get a mask, and then they get their
TRICKS, and then they get a regular contrast gadolinium-
enhanced MRA from aorta to the knee, so there are three stationsDr Timothy Baxter (Omaha, Neb). The question I have for
you is if you see somebody who has severe tibial occlusive disease
and you anticipate that they are going to either need an operation
or an intervention, why do this ahead of time? You are doing two
studies now and you have the expense of both studies. Why do this
study instead of just going ahead to arteriography if you anticipate
having to do an intervention anyway?
Dr Mell. I’m sorry, I don’t exactly understand the question.
We base our intervention on the data from the TRICKS MRA.
Dr Baxter. I guess another way to look at it would be, are
there patients where instead of getting two studies, you would just
do an arteriogram in those patients rather than doing the initial
screening study where you have to then do two studies and they
have to pay for two studies.
Dr Mell.What we would do is if we felt that the patient—we
would base our decision on the TRICKS MRA so the arteriogra-
phy is what they would not receive in our institution. If somebody
had severe popliteal disease that was not a candidate for percuta-
neous intervention, we would take them to the operating room for
intervention based on the TRICKS MRA information.
Dr Alexander Clowes (Seattle, Wash). I am very interested in
what you are doing here. Has this supplanted duplex scanning?
DrMell.We do not use duplex scan for diagnostic purposes in
our institution. When we identify patients who we think may have
correctable peripheral arterial disease, they will go to MRA at our
institution. That is where we get the best images.
